Abstract. Coal mines in the western areas of China experience low mining rates and induce many geo-hazards when using 8 the room and pillar mining method. In this research, we proposed a roadway backfill method during longwall mining to 9 target these problems. We tested the mechanical properties of the backfill materials to determine a reasonable ratio of 10 backfill materials for the driving roadway during longwall mining. We also introduced the roadway layout and the backfill 11 mining technique required for this method. Based on the effects of the abutment stress from a single roadway driving task, 12
connection between the surface and the underlying karst aquifers usually function as a channel for water inrush (Gutierez et 30 al. 2014 ), thus posing a great threat to coal mines. At present, previous studies proposed strip mining (Chen et al. 2012; Guo 31 et al. 2014a) to resolve these problems. However, strip mining resulted in a low mining rate of coal resources as well as other 32 problems. To resolve these difficulties, this research proposes roadway backfill technique in longwall mining based on the 33 solid backfill mining method (Zhang et al. 2011; Junker and Witthaus 2013; Guo et al. 2014b ). This method has been 34 recently developed and has become popular and applied on a large scale, providing an effective solution to the previously 35 mentioned problems. 36
Single roadway driving 118
According to the simulation scheme for driving on a single roadway, the distribution of the abutment stresses borne by the 119 roadway (at different widths) was obtained and is shown in Fig. 6 . 120
As shown in Fig. 6 , increasing the roadway width increased the maximum stress and the zone affected by the abutment 121 stress on both sides of the roadway. When the width of the excavation roadway ranged from 3 m to 9 m, the zone affected by 122 abutment stress was as high as 2.5 to 3.0 times the width of the excavation roadway. If the peak value of the abutment stress 123 changed from 2.8 to 4.3 MPa, the stress concentration factor changed from 1.1 to 1.7. 124
Finally, to ensure the stability of the surrounding rock while driving on the roadway, the distance between two adjacent 125 excavation roadways must be at least 3 times longer than the width of the excavated roadway. 126
Driving on multiple roadways 127
Based on the simulation of driving on a single roadway, the distance between two adjacent roadways was designed to be 3 128 times longer than the width of the excavation roadway during driving. Meanwhile, coal pillars with a width of 3 m were 129 established between every second roadway. Roadway driving and filling was divided into four stages in total (see Fig. 7 ). 130
Strata movement trends 131
Based on the simulation scheme for driving on multiple roadways, the roof subsidence for different widths of roadway 132 driving can be obtained (Fig. 8) . 133 width, driving and filling at each stage increased the roof subsidence; (2) When the width of excavation roadway ranged 135 from 3 to 9 m, the maximum roof subsidence in the first, second, third, and fourth stages varied between 4 to 14 mm, 5 to 16 136 mm, 9 to 43 mm, and 16 to 252 mm, respectively. Additionally, roof subsidence above the coal pillar was less than that in 137 the backfill body; (3) In the first, second, and third stages, different stresses on the coal pillar and backfill body led to a 138 wave-shaped roof subsidence curve. In the fourth stage, the subsidence curve tended to be smooth after the roof was 139 stabilised. 140
In summary, the design of a roadway driving sequence and the roadway length can reduce the effects of mining 141 between two roadways. Meanwhile, the joint support of established coal pillars and the backfill body can effectively control 142 strata movement. 143 5.3.2 Stress distribution in the mining field 144 Fig. 9 shows the stress distribution in the mining field for different roadway widths during driving on multiple roadways. 145
The following conclusions were drawn from the results shown in Fig. 9: (1) At the same stage, the stress on the mining 146 field gradually increased with increasing roadway width. Meanwhile, for roadways of the same width, driving and filling at 147 Nat. Hazards Earth Syst. Sci. Discuss., doi:10.5194/nhess-2016 Discuss., doi:10.5194/nhess- -151, 2016 Manuscript under review for journal Nat. Hazards Earth Syst. Sci. each stage gradually increased the stress in the mining field; (2) When the width of the roadway changed from 3 to 9 m, the 148 maximum stresses in the first, second, third, and fourth stages in the mining field were between 2.8 to 3.9 MPa, 3.1 to 4.3 149
MPa, 3.8 to 5.9 MPa, and 4.3 to 7.4 MPa, respectively; (3) The overlying strata subsided with driving and filling at each 150 stage. As a result, the coal pillars were gradually compressed, and the stress borne by the coal pillars increased, reaching a 151 maximum in the middle of the mining field; (4) As the main supporting body, the backfill effectively changed the stress state 152 in the surrounding rock during the backfill process of the driving roadway. Meanwhile, the design of the roadway driving 153 sequence and the roadway length avoided the superposition of mine-induced stress bulbs, and dissipated the effects of the 154 mining. 155
Safety evaluation of coal pillars 156
The stability of the established coal pillars must be evaluated for roadway backfill method during mining. The safety 157 coefficient is most appropriate for consideration when designing underground coal pillars -the larger the safety coefficient, 158 the lower the failure probability of the coal pillars. The safety coefficient of a coal pillar (k) is the ratio of the average 159 compressive stress (σp) borne by the entire coal pillar to the compressive strength (σc) of the coal pillar (Peng 2008): 160
161
According to our experience in the Changxing coal mine, when the width of the established coal pillars was 3 m, the 162 safety the coefficient of the coal pillars must be 2 if the coal pillar was not to fail. The compressive strength of the coal was 163 23.1 MPa. According to the stress distribution in the mining field during driving on multiple roadways, the stress borne by a 164 coal pillar peaked when the width of the driving roadway was 9 m. Therefore, coal pillar stability was evaluated at an 165 excavation roadway width of 9 m, as shown in Fig. 8(d) . At a roadway width of 9 m, the maximum stress borne by a coal 166 pillar was 7.4 MPa, and the safety coefficient of the coal pillar was 3.12. When the safety coefficient of the coal pillars was 167 greater than 2.5, the failure probability of the coal pillars was approximately equal to 0% (Peng 2008) , so the coal pillars did 168 not become unstable. 169
The development of the plastic zone in the mining field when the width of excavation roadway was 9 m is shown in Fig.  170 
171
As shown in Fig. 10 , plastic zones with thicknesses of 0.5 m were generated on both sides of the coal pillars, which 172 were supported by the backfill materials. The width of the elastic regions that developed was 2 m, accounting for 67% of the 173 coal pillar cross-section, which demonstrated that no instability was generated therein. 174
Nat When backfilling mining is used to mine a coal seam, the overlying strata are disturbed inducing secondary settlement. The 177 first strata movement occurred when the original reservoir was formed. The second was primarily caused by the gradual 178 compression of the overlying strata on the backfill bodies and the coal pillars. During this process, the compressed backfill 179 bodies and coal pillars give rise to the movement of the overlying strata, finally stabilising it. The movement of the strata 180 after quadratic stabilisation during backfill mining of a driving roadway is a dynamic process. It includes the mining of coal 181 seams and backfilling the driving roadway during the mining, the compression of the backfill bodies and coal pillars, the 182 gradual subsidence of the overlying strata, and the final stabilisation of the overlying strata. The roof subsidence profiles 183 after quadratic stabilisation of the backfilled driving roadway during mining are shown for different excavation roadway 184 widths in Fig. 11 . 185
The results in Fig. 11 allow the following conclusions to be drawn: (1) The roof subsidence increased with an increase 186 in the excavation roadway width after quadratic stabilization. When the width of the excavation roadway changed from 3 to 187 backfilling the driving roadway during longwall mining was proposed to solve these problems. In this method, the mined out 236 area is backfilled to serve as a permanent stress bearing body that supports the overburden. The overlying strata may slowly 237 sink as a consequence, therefore it is of critical importance that strata movement and surface subsidence are effectively 238 controlled. 239
(2) Aeolian sand, loess, and cementing materials were used to prepare the backfill materials in this study. Testing 240 determined the mechanical properties and compositions of the backfill materials. 241 (3) The strata movement characteristics when driving on a single roadway were obtained, and the zone affected by 242 abutment stress in the mining field was determined by simulation and used to optimise the sequence of driving on multiple 243 roadways accompanied by the acquisition of the strata movement characteristics when driving on multiple roadways. 244 (4) Roadway backfill technique during longwall mining of the 3101 working face of the Changxing coal mine was used 245
as an engineering case study in this work. Based on the strata movement characteristics of driving on single and multiple 246 roadways, the driving and filling sequence of the 3101 working face was optimised to avoid the added effects of mining-247 induced stresses. 248 (5) According to the analysis of the surface monitoring data, the accumulated maximum subsidence is 15mm and the 249 maximum horizontal deformation is 0.8 mm/m, which indicated that the ground basically had no obvious deformation after 250 the implementation of the roadway backfill method at 3101 working face. Also the coal recovery ratio approached 70% and 251 the compression ratio was more than 90%. 252 Stress/MPa Strain Nat. Hazards Earth Syst. Sci. Discuss., doi:10.5194/nhess-2016 Discuss., doi:10.5194/nhess- -151, 2016 Manuscript under review for journal Nat. Hazards Earth Syst. Sci. Nat. Hazards Earth Syst. Sci. Discuss., doi:10.5194/nhess-2016 Discuss., doi:10.5194/nhess- -151, 2016 Manuscript under review for journal Nat. Hazards Earth Syst. Sci. Nat. Hazards Earth Syst. Sci. Discuss., doi:10.5194/nhess-2016 Discuss., doi:10.5194/nhess- -151, 2016 Manuscript under review for journal Nat. Hazards Earth Syst. Sci. 
346
( ) a 3m Nat. Hazards Earth Syst. Sci. Discuss., doi:10.5194/nhess-2016 Discuss., doi:10.5194/nhess- -151, 2016 Manuscript under review for journal Nat. 
